The purpose of this study was to investigate the effect of flowable composites as liners for direct composite restorations, with key focus on the elastic moduli of flowable and condensable composites. After treating the composite mold cavity surface with an adhesive system, one of the flowable composites was placed as a 1 mm-thick layer on the cavity floor and irradiated for 20 seconds. The rest of cavity was subsequently filled with a condensable composite and irradiated for 40 seconds. Gap formation at both interfaces -between the cavity floor and flowable composite, and between the flowable and condensable composites -was examined. No gaps were detected at the interface between the cavity floor and flowable composite. Gap percentage at the interface between the flowable and condensable composites was dependent on the difference in elastic modulus. It was concluded that flowable composite with high elastic modulus could inhibit gap formation between flowable and condensable composites.
INTRODUCTION
Flowable resin composite was initially developed as a flexible intermediate layer in 1991. It was thought that this layer could play the role of an elastic buffer 1） . Indeed, this elastic buffer successfully improved the bond strength of adhesive systems and reduced gap formation 2,3） . From these results, it was suggested that flowable composite liners could also reinforce the bonding performance of bonding agents to the cavity walls since this technique could improve the degree of conversion of a bonding layer 4） . In particular, thickness of the flowable liner is sufficient to eliminate the problem of oxygen inhibition, thereby helping to establish a strong and durable bond to dentin 5,6） . In accordance with the concept of minimal intervention 7） , smaller cavities are now being prepared for restorations. This trend thus lends impetus to improve the handling of flowable composites so that they can be used in cavities with difficult access 8,9） . However, the mechanical properties of restorative materials, such as elastic modulus, are controlled by the monomer ratio or filler content 10） . Flowability is also dependent on these components, and changes in resin composition/structure may result in substantial polymerization shrinkage 11） . However, several studies 12, 13） have reported favorably on the cavity wall adaptation of flowable composites, and that the subsequent contraction stress makes no difference due to the small size of the cavity.
A lining 14-17） or incremental 18-20） technique is recommended for a large cavity. The lining technique with flowable composites is similar to the incremental technique from the viewpoint of the application of an intermediate layer. However, the mechanical properties of an intermediate layer are different from those of polymerized flowable composites and condensable composites. This is because an intermediate layer has an elastic modulus in between that of condensable composites and bonding agents. It was initially thought that a flowable composite coulddue to its low elastic modulus -buffer and absorb the contraction stress from any subsequently placed condensable composite 1,21） . Contraction stress due to polymerization is most often seen at the interface 22） , and plastic deformation of the composite would inevitably occur 23） . However, Giannini et al. 6） reported that a layer of flowable composite should help to improve polymerization and thereby reinforce the bonding of adhesive agents to dentin.
Although the effects of flowable composites as a liner have been continuously investigated, their use as a liner has not been established 24,25） . 26） investigated their effect on dentin bonding, whereby voids were found at the interface between flowable and condensable composites. To date, scarce attention has been paid to eliminating these voids.
Therefore, the purpose of this study was to investigate the effect of flowable composites as a liner, with key focus on the elastic moduli of flowable and condensable composites.
By means of simulated Class I cavities, gap formation at the interface between the cavity floor and flowable composite was examined, as well as that between flowable and condensable composites.
MATERIALS AND METHODS

Sample preparation
Simulated Class I cavities were prepared in molds, which were made from a dual-cured resin composite （Clearfil DC Core, Kuraray Medical, Tokyo, Japan） . The box-shaped cavities were standardized to 5×5× 4 mm （Fig. 1） .
Dual-cured resin composite was packed into an original silicon mold and kept in a dark room for 24 hours. Molds made from dualcured resin composite were irradiated by a lightcuring unit （α-light II, Morita, Tokyo, Japan） for three minutes and cleaned ultrasonically in acetone. Unpolymerized layer was removed from the cavity surface and the filler particles were exposed. The primer, mixed with a silane coupling agent, was applied to the cavity wall and air-dried for five seconds. Bonding agent was then applied to the primed surface and irradiated for 10 seconds with a light-curing unit（Cure Master, Yoshida, Tokyo, Japan） . The adhesive and resin composites used in this study are listed in Tables 1 and 2 respectively. The shade of all composites used was A2.
One flowable composite was placed as a 1 mmthick layer on the treated cavity floor and irradiated for 20 seconds. The cavity was subsequently filled with a condensable composite and irradiated for 40 seconds. Fifteen groups were categorized according to the combination of five flowable and three condensable composites. The assemblies were stored in water at 37℃ for 24 hours and then cut at the cen- ter, perpendicular to the cavity floor, into two pieces with a diamond saw （Leitz 1600 saw microtome, Ernst Leitz, Wetzlar, Germany）under copious water lubrication.
Gap formation measurement
All specimens were immersed in black ink （Carbon ink, Pentel, Tokyo, Japan）for 10 seconds and then washed with water. Any gap, be it located at the interface between the cavity floor and flowable composite or between the flowable and condensable composites, would be stained. Gap formation was thereby observed and photographed using an optical microscope （Olympus Colposcope, Olympus Optical Co., Tokyo, Japan） . For the gap at the interface between the flowable and condensable composites, it was expressed as a percentage using the following equation:
Gap percentage （％） ＝ （Length of gap/Total length of interface） ×100％
Elastic modulus measurement
The elastic modulus of each resin composite used in this study was determined according to ISO standard 4049:2000 ［ISO 4049 Dentistry］ 27） . Each composite material was inserted into a split stainless steel mold （2×2×25 mm） . It was then covered with a transparent matrix strip under a glass microscope slide, and light-cured from one side with five overlapping footprints of 40 seconds each. At one hour after curing, the specimen was removed from the mold, gently ground on ＃600 silicone carbide paper to remove any flash, and transferred to a water bath at 37℃. After 24 hours, dimensions of the specimen were determined prior to the three-point bending test. The bending test was carried out in a universal testing machine （Instron 1124, Instron, Mass, USA） at a crosshead speed of 1.0 mm/min 28） .
Statistics analysis
All data were analyzed using the Statistical Package for Medical Science（SPSS Ver. 11 for Windows） , a Table 4 .
With EFQ, CFX, ULO, and ULP, no gap formation was found at the flowable-condensable composites' interface in the SO and ST groups. Gap formation was found only with PLF, which was significantly higher than that of the other flowable composites （p＜0.05） and where significant differences existed among the three condensable composites （p＜0.05） . In the case of AP, the combination with EFQ showed the lowest gap percentage, while the combination with PLF showed the highest gap percentage （p＜0.05） . However, with CFX, ULO, and ULP, there were no significant differences in gap percentage（p＞0.05） . Fig. 3 shows the relationship between gap percentage and difference in elastic modulus. The regression analysis test indicated a significant relationship（R 2 ＝0.667） .
DISCUSSION
Recently, direct composite materials and restoration techniques have improved extensively 29） such that larger cavities are now being filled with resin composites. Direct resin composites have even been used to restore endodontically treated teeth 30-32） . The bulk filling technique for light-cured resin composites is no longer appropriate for large cavities because of the limited depth of cure
33）
. In addition, a Class I cavity has one of the severest conditions for wall adaptation of resin composites from the viewpoint of Cfactor 34） . Moreover, microleakage or gap formation at the dentin-resin interface has been reported by several researchers 35,36） . However, improvements in both material and method served to maximize the potential for clinical success 37） . In particular, the incremental technique 20） using condensable composites or lining technique with flowable composites 14） may be effective in restoring deep Class I cavities.
It is very difficult to prepare multiple deep and standardized cavities suitable for such a study. Permanent teeth are not identical in many factors such as age, moisture 38） , elastic modulus 39,40） , and direction of dentinal tubules 41） -whereby these factors could significantly influence the dentin bond test results. This was a reason why a dual-cured composite, which exhibited almost the same elastic modulus 42） and bonding ability as dentin bonding systems, was utilized to make molds from which standardized cavities were prepared.
Gap formation was not detected on the cavity floor in the current study, regardless of the elastic modulus of the flowable composites. The flowable composites were lined at a value of almost '1' with regard to the ratio of bonded and free surfaces. Therefore, according to the C-factor concept, the influence of contraction stress on wall adaptation should be slight 43） . Ratio value for the condensable composite, which was subsequently placed on the flowable composite, was approximately twice that of the lined flowable composite. Adhesion between the cavity floor and polymerized flowable composite seemed to be stable as no fractures were observed after polymerization of the subsequently placed condensable composite. It is generally thought that silane coupling agents are not effective in bonding to the exposed inorganic filler particles on the surface of composite restorations. However, they might render a better adhesion than that of subsequently filled composite to the unpolymerized surface of the flowable composite because there are no fillers on the resin-rich surface of flowable composite, and that both the bonding and flowable layers achieve a high degree of polymerization.
On the other hand, gap formation between the flowable and condensable composites seemed to be inhibited when the flowable composite possessed high elastic modulus -which meant that any discrepancy in elastic modulus between the flowable and condensable composites was small （Fig. 3） . Contraction stress from the condensable composite might be dispersed to the flowable composite due to the latter's low elastic modulus.
Conversely, high elastic modulus might force the contraction stress to concentrate on the interface between the flowable and condensable composites, thus forming a gap.
The monomer composition of composites or adhesives is an important factor that contributes to successful adhesion. In the current study, PLF, CFX, EFQ, AP, and ST were categorized as resin composites based on Bis-GMA or Bis-MPEPP. ULO, ULP, and SO were based on UDMA. Bis-GMA was also present in SE Bond. Since all the flowable composites showed no gaps on the cavity floor, it could be presumed that a difference in the main monomer did not influence adhesion to the bonding material. Regarding adhesion between flowable and condensable composites, a UDMA-based condensable composite showed significantly smaller gaps in combination with any of the tested flowable composites, compared to condensable composites based on Bis-GMA. This result therefore indicated that the main monomer might be an important factor that accounted for gap formation at the flowable-condensable interface. However, gap formation could not arise merely from the interaction of main monomers because SO, a UDMA-based composite, showed large gap formation regardless of the type of main monomer in the flowable composites. Further, monomer interaction between flowable and condensable composites could not be a reason because two brands of condensable composites based on Bis-GMA showed little gap formation. A previous study reported that the bond strength between an adhesive, which was based on Bis-GMA or UDMA, and a resin composite, which was also based on Bis-GMA or UDMA, was not influenced by differences in the main monomer 44） . According to these results, therefore, another factor was probably responsible for the differences in the amount of gap formation. It is well known that resin composites based on Bis-GMA tend to have higher mechanical properties than UDMA-based ones 45） . It is thought that gap formation between flowable and condensable composites was not influenced by chemical compatibility due to monomer difference, but by mechanical properties such as elastic modulus after polymerization.
It has been reported that gap formation at the dentin-resin interface could lead to postoperative sensitivity, secondary caries, and pulpal injury 46） . Although the clinical significance of gap formation at the interface between flowable and condensable composites is not broadly discussed, it has been suggested that the existence of gap defects may degrade the mechanical integrity of a restoration 18,26） . It was concluded that gaps were not formed at the interface between cavity floor and flowable composite after applying flowable composite as a liner before placement of condensable composite into simulated Class I cavities. As for the interface between flowable and condensable composites, it was found that flowable composites with high elastic modulus might inhibit gap formation.
